A new, previously unknown association of Pb-Bi-Sb-Ag sulphosalt minerals has been found in samples from mine dumps of the Staročeské pásmo Lode of the Kutná Hora Ag-Pb-Zn ore district, central Bohemia, Czech Republic. These minerals form polymineral aggregates up to 1-3 cm in quartz or base sulphides. Apart from numerous members of lillianite homologous series, new occurrences of aramayoite, bismuthinite, cosalite, ikunolite, izoklakeite, matildite, galena ss , Bi-rich jamesonite, Bi-rich boulangerite, Bi-rich owyheeite and Bi-rich semseyite have been identified. An extraordinary extent of the Bi-Sb substitution is characteristic of the studied association. Bi-rich mineralization of this scope has not been previously known from the Kutná Hora ore district. The origin of this sulphosalt mineralization is related to the penetration of lower temperature fluids (c. 100-250 °C) into tectonically opened fractures in older ore veins filling. Virtually no mobilization of elements from the earlier vein filling took place; hydrothermal fluids must have been relatively rich in Ag and Pb and simultaneously poor in Cu. High Bi content was characteristic of the initial stage of the mineralization. Gradually, the Bi/Sb ratio decreased considerably with more Sb-rich minerals originating. At the final stage, Bi-rich Pb-Sb sulphosalts with lower Ag contents crystallized.
Introduction
In the late 1990's, a new, hitherto unknown Bi-mineralization was discovered in the Kutná Hora ore district (60 km east of Prague, Czech Republic), which -unlike other Ag mineralizations found in this district that were associated with antimony -was characterized by the presence of bismuth. An intense search followed and several hundred samples with this mineralization have been found so far.
Interestingly, most of the bismuth and antimony sulphosalts found during the investigation and described here exhibit substantial Sb for Bi substitution. Although Bi-Sb sulphosalts have been described in nature, they are much rarer than either pure Sb-or Bi-sulphosalts. The number of localities worldwide with sulphosalts displaying significant amounts of Bi and Sb simultaneously is very limited (Cook 1997) .
Natural sulphosalts that contain both Bi and Sb can be divided into three groups: a) Bi-Sb sulphosalts containing both Bi and Sb as essential constituents (i) The kobellite homologous series. Minerals of the tintinaite-kobellite series are the most frequent, while those of the izoklakeite-giessenite series (Moëlo et al. 1995 (Moëlo et al. , 2008 are considerably rarer. This paper documents a rare Bi-Sb mineralization from the Staročeské pásmo Lode of the Kutná Hora ore district. It focuses on the characterization of all other bismuth-antimony sulphosalts found and discusses probable conditions of the studied mineralization origin. with major ore zones (lodes), after Malec and Pauliš (1997) . Each lode ("pás-mo" in Czech) consists of several veins.
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phosalts. The resulting patterns revealed in most cases the presence of a complex mixture of several sulphosalt phases. Silicon holders with the examined bulk powdered samples were then analyzed by X-ray fluorescence spectrometry which showed the presence of Ag, Pb, Bi, Sb and S. Samples which were positively screened for the presence of Bi-sulphosalts were prepared into polished sections.
Mineral chemistry
More than 150 polished sections, prepared from a representative number of ore specimens collected during field work in 1999-2015, were investigated microscopically and subsequently analysed by electron microprobe at the University of Salzburg. Quantitative chemical analysis was performed with a JEOL JXA-8600 electron microprobe (EMP) in the wave-length dispersive mode (WDS), controlled by a LINKeXL system, operated at 25 kV, 35 nA, and 20 s counting time for peaks and 7 s for background, and a beam diameter of 5 µm. The following standards and X-ray lines were used: CuFeS 2 (CuK α , FeK α ), Ag (AgL α ), PbS (PbL α ), Bi 2 S 3 (BiL α , SK α ), Sb 2 S 3 (SbL α ), CdTe (CdL β , TeL α ), Bi 2 Te 2 S (BiL α , TeL α ), Bi 2 Se 3 (SeK α ). Raw data were corrected with an online ZAF-4 procedure.
A second large portion of polished sections with Bi-sulphosalts was measured on Cameca SX 100 WDS electron microprobe at the National Museum, Prague. The following conditions were employed: accelerating voltage of 25 kV, beam current of 20 nA and electron-beam diameter of 2 µm. The following standards and X-ray lines were used: chalcopyrite (SK α , CuK α ), Bi (BiL α ), PbS (PbM α ), Ag (AgL α ), halite (ClK α ), Sb 2 S 3 (SbL α ), CdTe (CdL α ), pyrite (FeK α ), ZnS (ZnK α ), NiAs (AsL β ), Mn (MnK α ), Sn (SnL α ), InAs (InL α ) and PbSe (SeL β ). Measured data were corrected using PAP software (Pouchou and Pichoir 1985) .
Several samples were measured on Cameca SX 100 WDS electron microprobe at the Geological Institute, Czech Academy of Sciences, Prague, and in Bratislava with the same operating conditions. The comparison of results from all used instruments showed a good agreement.
Results of chemical analyses are presented in tables and averaged. Only those with sums between 98 and 102 wt. % were considered and included (unless stated otherwise). Standard deviations for major elements are in the range of 0.X % relative (usually 0.3-0.5 % for Bi, Pb, Sb and Ag); minor elements (Fe, Cu, Cd, Se) are around 0.0X %.
X-ray powder diffraction
X-ray powder diffraction (PXRD) data were collected on the X'Pert PRO Panalytical diffractometer, step-scanning 0.02°/30 s, radiation CuK α , 40 kV, 30 mA, angular range 3.3-55° 2θ, point detector with secondary graphite monochromator (Institute of Chemical Technology, Prague). A very small amount of the sample was placed on the surface of a silicon sample holder. Quartz (if contained) in the analyzed sample was used as an internal standard to check the possible displacement. The obtained powder pattern was processed using X-ray powder diffraction software HighScore Plus (Degen et al. 2014 ) which found angular positions and intensities of reflections. The refinement of unit cell parameters was carried out by least-squares method implemented in the program Firestar-2 (Fergusson et al. 1987) ; extrapolation function used was cosθ × cotθ + cot 2 θ. Kutná Hora ore district, both in terms of the amount of extracted ore and the amount of extracted silver (about 300 tons of Ag). This lode was mined from the discovery
The Bi and Bi-Sb sulphosalts and their chemical and structural properties
The aggregates of complex Bi sulphosalts occasionally occur in white coarse-grained quartz gangue without any other sulphides. More frequent is their occurrence in quartz gangue with massive or disseminated pyrrhotite, arsenopyrite, stannite, pyrite and other sulphides (Ferich sphalerite, galena, marcasite, chalcopyrite or tetrahedrite). Sulphosalt aggregates usually cement earlier, tectonically broken sulphides or fill in fissures in them ( Fig. 2a-b 21.60 n -number of point analyses N -the width of SnS-like rods in the structure of izoklakeite, i.e. the number of (Sb,Bi) co-ordination pyramids in the rod (Zakrzewski and Makovicky 1986) orthorhombic (Armbruster and Hummel 1987) , there is apparently only a quasi-continuous solid solution (Moëlo et al. 2008) . The exact Sb/Bi ratio at which the symmetry changes is unknown. According to Moëlo et al. (1995) , the name izoklakeite is applied to all samples with Sb/Bi atomic ratio close to 1 (i.e. Bi/(Bi + Sb) close to 0.50), even for samples with Bi > Sb. The Bi-richest izoklakeite found so far was identified from Otome mine (Ozawa et al. 1998) with Bi/(Sb + Bi) ratio of 0.68, whereas the and opening of the ore district in the second half of the 13 th century until the end of large-scale mining in the first half of 17 th century. (1986) , Zakrzewski and Makovicky (1986) , Moëlo et al. (1995) , Ozawa et al. (1998) , Orlandi et al. (2010) and Zhang et al. (2015) ; for giessenite from Karup-Møller (1973) , Graeser and Harris (1986) , and Makovicky and Karup-Møller (1986).
Bi-poorest (i.e. Sb-richest) giessenite from Giessen (Graeser and Harris 1986) has this ratio equal to 0.81. In the Kutná Hora ore district, members of izoklakeite-giessenite series usually form lath-shaped or allotriomorphic grains up to 300 µm associated with lillianite homologues, Bi-rich jamesonite and galena (Fig. 3) . Izoklakeite replaces earlier PbS ss and is partly replaced by later Sb-rich gustavite, terrywallaceite and the youngest Bi-jamesonite (zoned, with 4-16 wt. % of Bi).
Chemical analyses of izoklakeite from Kutná Hora and their structural formulae are given in Tab. 1. Determined Bi/(Sb + Bi) ratios show a strong variation (0.34-0.70), a range slightly wider than mentioned for izoklakeite so far (Fig. 4a ). Thus it is clear that the symmetry change (izoklakeite/giessenite) takes place somewhere in the range of Bi/(Sb + Bi) values of 0.70-0.80. In accordance with the trend observed with other Bi and Bi-Sb sulphosalts from Kutná Hora, the cores of the izoklakeite aggregates are Bi-rich and the rims are Sb-rich. The opposite trend was observed at Altenberg, Austria, where chemically zoned crystals of this series have Sb-rich cores and Bi-rich rims (Putz et al. 2003) . All studied samples have been found to have regular minor contents of Cu and Fe ( Fig. 4b ), close to ideal Cu + Fe = 2 apfu. The two elements occupy a specific site in the izoklakeite crystal structure (Armbruster and Hummel 1987) and are essential for its stabilization. All studied samples of izoklakeite are also characterised by increased contents of Ag (1.59-3.82 wt. %) which do not correlate with either Bi + Sb or Cu + Fe. Silver contents in izoklakeite from Kutná Hora (up to 3.65 apfu) are considerably higher ( Fig.  5a ) than so far established in this mineral (1.95 apfu, Harris et al. 1986; 2.19 apfu, Moëlo et al. 1995) . The Pb vs. Ag graph (Fig. 5b) demonstrates the negative correlation corresponding to the classic substitution in sulphosalts or galena: Ag + (Bi,Sb)→2Pb. The determination of the crystal structure of izoklakeite showed that there is no specific Ag site which confirms that all Ag content in 
Cosalite
Cosalite occurs in quartz gangue in association with gustavite, terrywallaceite and other lillianite homologues with N > 4 (vikingite, treasurite, eskimoite), native bismuth and galena as lath-shaped or allotriomorphic grains up to 200 µm (Fig. 6 ). It is marked by a lighter shade of grey in BSE images compared to gustavite, but it is not distinguishable from lillianite homologues with N > 4 or minerals of izoklakeitegiessenite series. The sequence of crystallization and Sb-enrichment trends (younger phases are Sb-richer) are similar to izoklakeite: galena ss → cosalite → Sbrich gustavite.
The chemical composition of studied cosalite (Tab. 3) is characterised by regular minor contents of Ag (2.73-3.72 wt. %) and Cu (0.22-0.34 wt. %). In comparison with published data (e.g. Cook 1997; Putz et al. 2003; Topa and Makovicky 2010) , samples from Kutná Hora belong to relatively Ag-rich and Cu-poor cosalite. The regular contents of Sb substituting for Bi (2.67-4.25 wt. %) corresponding to Bi/(Bi + Sb) of 0.84-0.90 were also determined. Similar extents of SbBi -1 substitution for cosalite have been reported from numerous localities (e.g. Cook 1997; Putz et al. 2003; Topa and Makovicky 2010) . Minor contents of Se (up to 0.16 wt. %) substituting for dominant S were also found.
Cosalite was not detected in the powder pattern of the samples. No attempt was made to extract the grain for single crystal diffraction from the polished sections due to intimate intergrowth with lillianite homologues and small size of the grains.
Matildite
Matildite is rare and was found only in three samples as the earliest among the associated Bi minerals. In the first sample (ST 63) it forms grains up to 50 µm intimately intergrown with native Bi, terrywallaceite and aramayoite (Fig. 7a) . The second polished section (ST 117) displays two genetically different grains with matildite. In grain one (Fig. 7b ) matildite forms anhedral elongated grains up to 100 µm in length and 25 µm in width growing on idiomorphic crystals of galena ss . In grain two (Fig. 7c ) matildite forms worm-shaped inclusions up to 70 µm across in galena ss replacing native bismuth. The third sample (ST 12 A) is genetically interesting (Fig. 7d) as it features two generations of matildite. Matildite II forms exsolution lamellae up to 40 × 5 µm as decomposition products (together with native bismuth II and galena ss II of unmeasurable size, not marked in image) of eskimoite and Sb-rich gustavite. The crystallization sequence was as follows: native Bi I -galena I -matildite I -eskimoite -matildite II + native Bi II + galena II -Sb-rich gustavite -terrywallaceite.
Chemical composition of matildite from Kutná Hora and corresponding chemical formulae are given in Tab. 4. Most measured points show increased Pb content (1.17-6.80 wt. %) corresponding to 1.03-6.25 mol. % PbS, suggesting a solid solution between matildite and galena (Fig. 7a) The determination of matildite was confirmed by the PXRD, unit-cell parameters refined for the space group P-3m1 are compared in the Tab. 5 with published data of this mineral phase.
Galena solid solution (PbS ss )
Galena occurs frequently in most samples with Bi-and Bi-Sb sulphosalts. Galena belongs to the oldest Bi-bear- Tab. 5 Unit cell parameters of matildite for trigonal space group P-3m1 ing minerals, it often forms large corroded xenomorphic grains several hundred microns across with distinct cleavage, which is often followed by replacing minerals. Galena relics occur frequently inside aggregates of younger lamellae of Bi-bearing lillianite homologues (gustavite, vikingite, treasurite, eskimoite). The chemical composition of galena associated with lillianite homologues or other Bi-bearing sulphosalts is characterized by increased contents of Ag and Bi (Electronic Supplementary Material 1). Neither optical microscopy nor back-scattered electron (BSE) images revealed microscopic inclusions of other phases. A good correlation of Ag and Bi (Fig. 8) suggests that the studied galena samples are members of the galena-matildite (PbS-AgBiS 2 ) solid solution series, referred to as PbS ss (e.g., Foord et al. 1988; Foord and Shawe 1989) .
The maximum values of Ag and Bi in the PbS ss grains are 9.44 and 21.02 wt. % respectively, corresponding to 0.20 Ag and 0.23 Bi apfu. Such a high degree of substitution was observed only in one grain (Fig. 8 ) and corresponds to the highest known contents of Ag in PbS ss (Foord et al. 1988; Wang 1999; Staude et al. 2010) . In most studied PbS ss grains the contents of Ag do not exceed 0.10 apfu; similar range of Ag + (Bi,Sb) → 2Pb substitution in PbS ss are known from other occurrences in the world (e.g. Foord et al. 1988; Foord and Shawe 1989; Staude et al. 2010) . In some grains Bi exceeds Ag (Fig. 8) , suggesting another substitution, not coupled with Ag, most probably 2(Bi,Sb) + □ → 3Pb (George et al. 2015) .
Aramayoite
Aramayoite was found only in one polished section (sample ST 63A). It forms irregular aggregates up to 200 µm in size replacing earlier native bismuth and idiomorphic grains of terrywallaceite (Fig. 7a) . The succession of associated mineral phases was: native bismuth → matildite → terrywallaceite → aramayoite → unspecified supergene phase.
The chemical composition of aramayoite from Kutná Hora and corresponding chemical formula are presented in Tab. 3. The ideal formula of aramayoite is Ag 3 Sb 2 (Bi,Sb)S 6 ; the Sb/Bi ratio in natural samples varies between 1.44 and 4.27 (Effenberger et al. 2002) . The studied sample with the Sb/Bi of 1.44-1.50 [i.e., Bi/(Bi + Sb) = 0.41] thus belongs to the Bi-richest aramayoite, resembling the samples from Altenberg, Austria (Effenberger et al. 2002; Putz et al. 2003) . The determination of aramayoite was confirmed by the PXRD, unit-cell parameters refined for the space group P-1 are compared in the Tab. 6 with published data for this mineral phase.
Bismuthinite
Bismuthinite forms irregular grains up to 50 µm usually replacing native bismuth. It also occurs in association with, much more frequent, lillianite homologues. Only in one sample (ST 90 B) it forms large irregular grains up to 200 µm replacing native bismuth, itself being replaced by terrywallaceite. Chemical compositions of bismuthinite from Kutná Hora and corresponding chemical formulae are given in Tab. 3. The empirical formula Cu x Pb y Bi 8-1/2(x+y) S 12 was used for calculation of bismuthinite on the basis of (Cu + Pb)/2 + Bi = 8 apfu, after Makovicky and Makovicky (1978) . The position in the bismuthinite-aikinite series is described by the percentage of the hypothetical aikinite end member n aik = [2 Pb/(Pb + Bi)] × 100. Two substitutions are present in studied samples: Topa et al. 2002; Cook and Ciobanu 2003) . Pure bismuthinite has n aik = 0, pekoite (CuPbBi 11 S 18 ), the first mineral of the bismuthinite-aikinite series, has n aik = 17.
Ikunolite
Ikunolite was found only in one sample as irregular elongated grains up to 70 µm in length (Fig. 9a) replacing native Bi, itself being replaced by bismuthinite. The crystallization sequence was: native Bi → ikunolite → bismuthinite → terrywallaceite/Sb-rich gustavite.
Its chemical composition (Tab. 3, Fig. 10a ) corresponds to a phase with formula Bi 4 S 3 , i.e. Se-free ikunolite. Analyses showed low totals (between 96.79-98.21 wt. %) which could be explained by the presence of other, not measured elements. Therefore, a complete WD scan of all elements from oxygen onwards was carried out with the emphasis on O and Cl. No elements were detected except for oxygen, which is nonetheless questionable due to the omnipresent oxidation films on surfaces of polished sections.
Ikunolite from Kutná Hora is virtually a Se-free member (Fig. 10a) of Bi 4 S 3 -Bi 4 S 1.5 Se 1.5 solid solution (Parafiniuk et al. 2008) . Similar Se-free ikunolite was described from Kingsgate, Australia (Markham 1962) , Yeonhwa Mine, South Korea (Imai and Chung 1986), Stanos, Greece (Voudouris et al. 2013) or the Stan Terg deposit, Kosovo (Kołodziejczyk et al. 2015) .
Bi-bearing Pb-Sb sulphosalts
The Pb-Sb sulphosalts occur frequently among ore minerals in quartz gangue of the Kutná Hora deposit, but they normally contain no bismuth. However, the newly described Bi and Bi-Sb sulphosalt mineralization was found to include the same Pb-Sb sulphosalts but with significantly increased contents of bismuth.
Tab. 6 Unit cell parameters of aramayoite for triclinic space group P-1 Significant amounts of Bi were found in jamesonite, which often forms characteristic needle-like aggregates up to 200 × 300 µm concentrated along the rims of older grains of lillianite homologues and izoklakeite (Fig. 3) . The chemical composition of the studied jamesonite (Tab. 7, Fig. 10b ) is characterized by increased contents of Bi (0.13-1.86 apfu). Similar Bi contents were published from other occurrences of jamesonite, e.g. from Brezno-Hviezda (Pršek et al. 2008) or Kasejovice (Litochleb 1998). Bismuth contents in jamesonite may reach up to 3 apfu (a questionable mineral species named sakharovaite). A strong partitioning in the substitution of Bi among the three Sb positions in the jamesonite crystal structure cannot be excluded (similar to garavellite) but its confirmation by single crystal diffraction is missing (Moëlo et al. 2008) .
Therefore, the structure of bismuthian jamesonite with 15 wt % of Bi from the Staročeské pásmo Lode was attempted with the aim to find out whether the Bi distribution at particular Sb sites in the structure of the mineral warrants a new mineral species. The attempts showed that Bi atoms are placed randomly with no preference for any of Sb sites. Even though the Bi content was theoretically high enough to predominate over Sb if concentrated in a single site, this is not the case for the measured Bi-rich jamesonite. This phase is therefore not entitled to become a new mineral species. Fig. 10a -Graph S vs. Se + Te (apfu) for ikunolite; published data for ikunolite are from Kato (1959 ), Markham (1962 , Imai and Chung (1986) , Parafiniuk et al. (2008) and Voudouris et al. (2013) . b -Bi/(Bi + Sb) vs. Pb/(Pb + Sb + Bi) graph for the studied Pb-(Sb,Bi) sulfosalts from Kutná Hora.
Bi-rich boulangerite
Bi-rich boulangerite was found as acicular to prismatic crystals up to 200 µm in length (Fig. 9b) in association with the Bi-rich andorite phase and galena ss . The earliest mineral was galena ss , later replaced by Bi-rich boulangerite. The youngest was the andorite phase with N = 5 ( 5 And 69 ), a possible Sb-analogue of vikingite (Pažout 2017). In the other two samples, the earliest mineral was galena ss , replaced by Bi-rich boulangerite, and overgrown by the latest Bi-rich jamesonite.
The chemical composition and chemical formula of boulangerite from Kutná Hora are given in Tab. 8. The extent of Bi for Sb substitution (0.11-0.57 apfu) is far more limited than for jamesonite (Fig. 10b) . Comparable contents of Bi in boulangerite are rare worldwide, but they are known e.g. from the Srednegolgota deposit, Transbaikalia (Bortnikov and Tsepin 1987) , Apollo mine, Germany (Wagner and Cook 1996) or the Damajianshan deposit, China (Zhang et al. 2015) .
Bi-bearing semseyite
Bi-bearing semseyite was found in one sample as grey black metallic aggregates up to 4 mm across in association with boulangerite, jamesonite, freibergite and chalcopyrite determined by PXRD (Pažout 2008) . It forms needle-like hypidiomorphic aggregates up to 200 µm in size intergrown with older irregular grains of galena ss . Contents of Bi (Fig. 10b ) range between 0.65 and 1.12 wt. % (0.11-0.19 apfu) . In BSE images, the changes in Bi content show as darker lath-shaped zones of Bi-poorer semseyite within lighter lamellae of Bi-richer semseyite. Increased contents of Se up to 0.22 wt.% were also determined (Tab. 8). Occurrences of Bi-bearing semseyite are known only from Apollo mine, Germany Cook 1996, 1997) , where up to 8.5 wt. % Bi was detected.
Bi-bearing owyheeite
Bi-bearing owyheeite was found only in one sample although "normal" (Bi-free) owyheeite is a fairly frequent mineral throughout the ore district. Needles of Bi-bearing owyheeite form irregular clusters up to 150 µm across in quartz, associated with diaphorite (up to 0.12 wt. % of Bi), galena (up to 0.22 wt. % of Bi and 0.30 wt. % of Ag), both enclosed in arsenopyrite. The chemical composition of owyheeite from Kutná Hora and corresponding chemical formula are given in Tab. 8. Lower totals in two groups of analyses are caused by uneven surface at the rim of the grain in quartz matrix. In comparison with the ideal formula of owyheeite Ag 3 Pb 10 Sb 11 S 28 (Moëlo et al. 1984 ), the studied sample shows a surplus of lead and a deficit of antimony. A similar situation was described by Laufek et al. (2007) for owyheeite from the neighbouring Turkaňkské pásmo Lode (also in the northern part of the Kutná hora ore district). The contents of bismuth in the studied owyheeite are relatively low (Fig. 10b) (0.19-0.71 wt. %; 0.04-0.16 apfu).
Discussion
Kutná Hora ore district is considered a typical example of postmagmatic sulphide base-metal mineralization of late Variscan age (Early Permian; Bernard 1991), analogous to the "kb + eb" mineralizations of Freiberg in Saxony (Bernard 1961) . The ore mineralization of the Kutná Hora district originated at several stages, separated by tectonic movements. The first two stages (arsenopyrite/ stannite/pyrrhotite and galena/tetrahedrite/jamesonite) are characteristic of the northern "pyrite-rich" lodes. The third stage (miargyrite/freibergite/berthierite) typifies the southern "silver-rich" lodes (Bernard and Pouba 1986) .
Silver minerals in both parts of the ore district occur mostly on independent younger structures within the vein system; marked differences between the southern and northern lodes are primarily caused by a different geological (petrological, tectonic) structure of both parts (Holub et al. 1982) . Bernard and Žák (1992) suggested that mineralization of Kutná Hora ore district had temporal and genetic relationships to the Variscan metamorphism and magmatism and originated generally at high temperatures (430 ± 80 °C); younger parts of the mineralization were colder (< 190 °C, Žák et al. 1993) . Moreover, the frequent occurrence of native Bi (melting point 271 °C; Živkovič and Živkovič 1996) and the presence of exsolution textures of matildite and galena ss (< 144 °C; Wang 1999; Staude et al. 2010 ) further constrain the origin of the newly found mineral association of Pb-Bi-Sb-Ag sulphosalts from the Staročeské pásmo Lode to c. 100-250 °C. It was thus considerably colder than the earlier high-T base sulphides mineralization of the Staročeské pásmo Lode and corresponds to the lower limit of the younger mineralizations typical of the southerly (Ag-rich) lodes of the Kutná Hora ore district (Oselské pásmo and Roveňské pásmo lodes).
The following groups of Bi-bearing minerals typify the mineralogical composition of the studied mineral paragenesis of the Ag-Pb-Bi-Sb sulphosalts of the Kutná Hora ore district: members of the lillianite homologous series with an extraordinarily variable extent of the Sb for Bi substitution (Pažout 2017), Sb-rich Pb-Bi sulphosalts, Bi-rich Pb-Sb sulphosalts and other Bi-bearing phases (aramayoite, matildite, bismuth and galena ss ). Thus, this mineral association differs considerably not only from the earlier high-T base-metal mineralization of the northern (pyrite-rich) lodes, but also from relatively low-T mineralization of the southern Ag-rich lodes (where no Bi was detected).
It can be assumed that the origin of this sulphosalt mineralization was related to the penetration of relatively low-T (c. 100-250 °C) hydrothermal fluids into newly tectonically opened fractures in earlier (older) filling of ore veins of the Staročeské pásmo Lode (Bernard and Žák 1992; Mikuš et al. 1994; Šrein and Pažout 2002) . With regard to the movements of fluids in newly opened fractures and their lower temperature, virtually no mobilization of elements from the earlier vein filling took place. Almost complete absence of Cu (except for izoklakeite) and a lack of As and Sn, which are all frequently present in the earlier (older) vein mineralization, are characteristic of the studied bismuth sulphosalt association.
The inferred chemical composition of the fluids significantly differs from the mineralization known from the southern (Ag-rich) lodes of the Kutná Hora ore district. The studied mineralization apparently originated in an environment rich in Ag and Pb and, therefore, miargyrite is rare although it is very frequent in the southern lodes. Simultaneously it was very poor in Cu, and thus freibergite, although it is common throughout the ore district and was also present in the early sulphide stage, is missing. An environment very poor in Cu is testified by low Cu contents in izoklakeite and by the absence of minerals of pavonite and cuprobismutite homologous series, and of sulphosalts such as kobellite, berryite, neyite or angelaite. An origin of certain groups of sulphosalts (e.g. members of pavonite and cuprobismutite homologous series) was very probably hindered by the presence of antimony in the hydrothermal fluids.
Conclusions
Following a detailed mineralogical research, hitherto unknown association of Pb-Bi-Sb-Ag sulphosalts was identified in samples of the Staročeské pásmo Lode of the Kutná Hora ore district.
Apart from numerous members of lillianite homologous series, new occurrences of aramayoite, bismuthinite, cosalite, ikunolite, izoklakeite, matildite, galena ss , Bi-rich jamesonite, Bi-rich boulangerite, Bi-rich owyheeite and Bi-rich semseyite have been identified. For izoklakeite and aramayoite, these are the first records from the Czech Republic; bismuthinite, cosalite, ikunolite and matildite are newly confirmed mineral species for the Kutná Hora ore district.
An extraordinary extent of the Bi-Sb substitution is characteristic of the studied association. Bi-rich mineralization of this scope has not been previously known from the Kutná Hora ore district.
The studied association significantly differs by its mine ral and chemical composition from both the sulphide-rich mineralization of the northern lodes, and the Ag-rich mineralization of the southern lodes of the Kutná Hora ore district. Its origin is related to the penetration of lower temperature fluids (c. 10-250 °C) into tectonically opened fractures in older filling of the Staročeské pásmo Lode ore veins. Virtually no mobilization of elements from the earlier vein filling took place; the latter association of sulphosalts shows almost complete absence of Cu (and total lack of As and Sn). Hydrothermal fluids must have been relatively rich in Ag and Pb (as well as in Sb) and poor in Cu. High Bi content was characteristic of the initial stage of the mineralization. Gradually, the Bi/Sb ratio decreased with more Sb-rich minerals precipitating. At the final stage, Bi-rich Pb-Sb sulphosalts with distinctly lower Ag contents crystallized. With regard to occasionally frequent finds of this mineralization in the mine dump material of the Staročeské pásmo Lode, it cannot be ruled out that this type of mineralization with low but regular Ag contents could have been one of the important sources of silver in the Kutná Hora ore district right from the beginnings of mining in the second half of the 13 th till the end of the large-scale mining in the beginning of the 17 th century.
